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[57) ABSTRACT

A process 1s disclosed for the production of 1,1,3,4,4,6-
Hexamethyl-1,2,3,4-Tetrahydronaphthalene compris-
ing reacting para-cymene with an olefinic compound
selected from the group consisting of 2,3-dimethyl-1-
butene and neohexene, in the presence of a reagent of
the formula

and further in the presence of an aluminum halide and

I, wherein in the above formula, R1, RZ, R3, R4, R5and

RS, independently, are H or a C;-Cj straight chain, or
branched alkyl, provided that no more than one of R},
R2 and R3 are H, and no more than one of R4, R5 and
Ré are H.

The subject process produces the desired compound in
a surprisingly high yield, with a surprisingly high selec-
tivity, and at a relatively high rate of reaction, using
better, more convenient and/or less expensive process
methodology than many processes known heretofore.
Using the subject process, one is able to efficiently and
effectively produce HMT, a compound of extreme im-
portance to the fragrance industry.

10 Claims, No Drawings
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PROCESS FOR PREPARING
1,1,3,4,4,6-HEXAMETHYL-1,2,3,4-TETRAHY-
DRONAPHTHALENE

BACKGROUND OF THE INVENTION

The present invention relates to an improved process
for the production of 1,3,4,4,6-hexamethyl-1,2,3,4-tet-
rahydronaphthalene, referred to herein as HMT, for
brevity. | |

HMT and other alkyl-substituted tetrahydronaphtha-
lenes are of significant importance to the perfumery as
well as other industries. By conventional acylation pro-
cesses, HMT, for example, can be converted to 7-acet-
yl-1,1,3,4,4,6-hexamethyl-1,2,3,4-tetrahydronaphtha-
lene, a well known musk perfume. Because of their
clean musk fragrance and ability to retain that fragrance
over long periods of time, these HMT derivatives are of
great commercial value as synthetic musk perfume sub-
stitutes for the expensive, natural musk perfumes of the
“macrocyclic ketone series. Consequently, various syn-
thetic methods have been proposed for the production
of HMT and other related intermediates useful in the

perfumery or other industries.
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Cobb, U.S. Pat. No. 4,551,573 entitled “Alkylation of 25

Aromatic Compounds” (the ’573 patent), for example,
broadly discloses a process for the alkylation and cy-
clialkylation of aromatic compounds with olefinic com-
pounds in the presence of a catalyst consisting essen-
tially of aluminum halide and elemental iodine. Aro-
matic compounds described in the 573 patent include
monocyclic, bicyclic or tricyclic aromatic compounds
having 6 up to 30 carbon atoms, including compounds
of the formula

[V]

R’ Rl

R4 R2

R3

wherein each of R! through R>3 is independently se-
lected from hydrogen and C; through Cjg alkyl or cy-
cloalkyl radical. Particular aromatic compounds dis-
closed as useful are para-cymene, para-methylcyclohex-
yibenzene, para-methylcyclopentylbenzene, para-ethyl-
cyclopentylbenzene, -~ para-ethylcyclohexylbenzene,
benzene, toluene, ortho- or meta-xylene and tertiary-
butylbenzene. Suitable olefinic compounds discussed
encompass organic compourds having at least one car-
bon-carbon double bond and any substituents which do
not detrimentally interact with the catalyst employed
the alkylation reaction. Preferred olefinic compounds
inciude compounds of the Formula

119_,.‘~ .M,R6
/C=C"-.
R3E R7

wherein each of R& R7 R3 and R? are independently
selected from hydrogen and C; through Cialkyl or
cycloalkyl radicals. In addition, R®and R7 can be joined
as part of a polymethylene radical or a halogen-, alkyi-

or cycloalkyl-substituted polymethylene radical having

about 2 to about 20 carbon atoms, i.e., a carbocyclic
compound with an exocyclic double bond. Further, RS
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and R can be similarly joined as part of a polymethyl-
ene radical or a halogen-, alkyl- or cycloalkyl-sub-

- stituted polymethylene radical having about 2 to about

20 carbon atoms, i.e., a carbocyclic compound with an
endocyclic double bond. Particularly specified are iso-
butylene, 2-methyl-1-butene, 2-methyl-2-butene, 2,3-
dimethyl-2-butene, neohexene (3,3-dimethyl-1-butene),
diiso- butylene-1, 2-butene, 2-pentene, l-methylcy-
clohexene, 1-methyicyclopentene and 2-hexene. In ad-
dition, diisobutylene-2 is claimed as an olefinic com-
pound, although it is not specified in the text of the
patent. The patent also notes that a mixture of olefinic
compounds can be employed, in which case one of the
olefins may function as a sacrificial agent. A combina-
tion of neohexene and isobutylene is a suggested mix-
ture of such olefins. Suitable aluminum halide com-
pounds  include aluminum  tribromide, di-
chloroaluminum bromide, dibromoaluminum fluoride,
aluminum tritodide, and aluminum chloride, with alumi-
num chloride being preferred. The products of the reac-
tions described in the 573 patent encompass aromatic
compounds represented by the Formula

Ryx

wherein each R 1s independently a C; through Cyp alkyl
or cycloalkyl radical and x i1s an integer from at least
one up to 6. One or more of the R groups may be halo-
gen, but not all R groups of the product are halogen.
Particular compounds specified include tertiary-butyl- .
meta-xylene, di-tertiary-butyl-toluene, tertiary-amyl-
xylene, secondary-hexyl-xylene, and tertiary-hexyl-
xylene. Other products include indanes of the general
structure

and tetrahydroraphthalene compounds of the general
Formula

such indanes and tetrahydronaphthalenes _ha.ving'

~Widely varying substitution patterns. Specific indanes

and tetrahydronaphthalenes include 1,1,3,4,4,6-hex-
amethyl-1,2,3,4-tetrahydronaphthalene, 1,1,3,3,5-pen-
tamethylindane, 1,1,2,3,3,5-hexamethylindane  and
1,1,3,5,5-pentamethylindane.

Other synthetic methods include those described in
Wood et al., U.S. Pat. No. 3,856,875 entitled “Process

for Producing 1,1,3,4,4,6-Hexamethyl-1,2,3,4Tetrahy-

dronapthalene [sic](HMT)”, which discloses a process.
for the preparation of HMT wherein an equivalent or
excess amount of para-cymene is reacted with a substan-
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tially equal molar solution of neohexene and a tertiary
alkyl halide in the presence of an effective amount of an
anhydrous aluminum halide catalyst suspended in a
reaction-compatible solvent. Although any tertiary
alkyl halide can be employed in the disclosed process,
tertiary butyl chloride, tertiary amyl chloride and 2,5-
dichloro-2,5-dimethylhexane are noted as preferred.
The process 1s described as having a solvent depen-
dency, with the satisfactory solvents being ethylene
dichloride, chloroform, methylene dichloride, 1,1,2,2-
tetrachloroethane, 1,2-dichloroethylene, 1,2,3-tri-
chloropropane, 1,1,2-trichloroethane, monochloroben-
zene, fluorobenzene, ortho-dichlorobenzene, and para-
xylene. Numerous solvents were deemed unsatisfactory
for use in the disclosed process, such solvents including
nitromethane, benzene, nitrobenzene, para-cymene,
n-hexane, 1,2,2-trichloroethylene, carbon tetrachloride,
1,1,1-trichloroethane, carbon disulfide, 1,1,2,2,2-penta-
chloroethane, 1,2-dichloropropane, 1,1-dichloroethy-
lene, and 1,1-dichloroethane. These unsatisfactory sol-
vents are said to yield substantially poorer results.

Wood, U.S. Pat. No. 3,246,044 entitled “Process for
Making 1,1,3,4,4,6-Hexamethyl-1,2,3,4Tetrahydronaph-
thalene,” discloses a process for preparing HMT which
includes reacting an alpha para-dimethylstyrene deriva-
tive such as dimethyl-para-tolyl-carbinyl halide, and
neohexene in the presence of a catalyst such as alumi-
num chloride, aluminum bromide and ferric chloride, or
other Friedel-Crafts catalysts, at low temperatures.
Suitable solvents are listed as ethylene dichloride or
carbon tetrachloride, or other inert chlorinated hydro-
carbon solvents. It is noted that other solvents such as
nitrobenzene and nitromethane, may be used, but the
yield of desired product is indicated as generally being
lower when such solvents are employed.

Sato et al., U.S. Pat. No. 4,284,818 entitled “Process
for Preparing Hexamethyltetrahydronaphthalenes,”
describes a process for producing HMT comprising
reacting para-cymene with a 2,3-dimethyl butene using
a catalytic amount of anhydrous aluminum halide in the
presence of a secondary alkyl halide, tertiary alkyl hal-
ide, propargyl halide or allyl halide. It is noted that both
the 2,3-dimethyl-1-butene and 2,3-dimethyl-2-butene
can be employed as the 2,3-dimethyl butene reagent,
however, 2,3-dimethyl-1-butene was said to yield better
resuits. The reaction is generally carried out using a
solvent, such solvents including aliphatic hydrocar-
bons, halogenated aromatic hydrocarbons, and haloge-
nated aliphatic hydrocarbons.

Japanese Pat. Publication SHO 57-40420 discusses a
method of making HMT characterized by reacting
para-cymene and neohexene in the presence of anhy-
drous aluminum halide as catalyst. Suitable anhydrous
aluminum halides are said to include aluminum chlo-
ride. The reaction is generally carried in a solvent, how-
ever, it is noted that it is possible to conduct the reaction
without any additional solvent using excess para-
cymene. Examples of suitable solvents are methylene
chloride, ethylene chloride, chloroform and other inac-
tive fatty hydrocarbon halides. Other solvents such as
aromatic hydrocarbon halides, fatty hydrocarbons, aro-
matic hydrocarbons, etc., can be used, but it is noted
that the use of such solvents generally lowers the yield
of the desired end product.

Kahn, U.S. Pat. No. 3,379,785 entitled “Process for
Preparing Polyalkyltetrahydronaphthalenes,” relates to
a process for preparing polyalkyl tetrahydronaphtha-
lenes, and more specifically, a process for preparing
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HMT. The process involves the reaction of a substi-
tuted styrene and a 2,3-dimethylbutene, said reaction
being carried out at elevated temperatures and in the
presence of a cation exchange resin. The 2,3-dimethyl-
butene reactant employed is disclosed as comprising
either 2,3-dimethyl-1-butene, 2,3-dimethyl-2-butene, or
mixtures thereof. The preferably employed solvent
comprises an aromatic hydrocarbon, such as, for exam-
ple, benzene, toluene, ethylbenzene, or a xylene.

Suzukamo et al,, U.S. Pat. No. 4,767,882 entitled
“Tetrahydronaphthalene Derivatives and Their Pro-
duction,” discloses a process for preparing a tetrahydro-
naphthalene derivative in an optically active state
which comprises reacting a benzene compound and a
pyrocine compound in the presence of a Lewis acid, or,
alternatively, reacting the benzene with the pyrocine
compound in the presence of an acid catalyst followed
by treatment of the resultant product with the Lewis
acid.

The particular processes detailed in these patents
suffer from various drawbacks, including low conver-
sion of reactants, poor selectivity to the desired prod-
ucts, or sluggish reaction rates. New and/or better pro-
cesses, especially processes for the production of HMT,
are needed. The present invention is directed to this
important end.

SUMMARY OF THE INVENTION

The present invention involves a cyclialkylation pro-
cess for the production of HMT comprising contacting
para-cymene with an olefinic compound selected from
the group comnsisting of 2,3-dimethyl-1-butene and neo-
hexene, in the presence of a reagent of the formula

LV]

and further in the presence of an aluminum halide and
I, wherein in the above formula, R}, R2, R3, R4, R5and
RS, independently, are H or a C1-C3 straight chain, or
branched alkyl, provided that no more than one of R,
RZ and R3 are H, and no more than one of R4, RS and
R% are H.

The subject process produces HMT in a surprisingly
high yield, with a surprisingly high selectivity, and at a
relatively high rate of reaction, using better, more con-
venient and/or less expensive process methodology
than many processes known heretofore. Using the sub-
ject process, one is able to efficiently and effectively
produce HMT, a compound of extreme importance to
the fragrance industry.

DETAILED DESCRIPTION OF THE
INVENTION

As noted above, the present invention is directed to a
novel and particularly useful cyclialkylation process for
the production of 1,1,3,4,4,6-hexamethyl, 1,2,3,4-tet-
rahydronaphthalene, referred to herein as HMT, a com-
pound of the formula
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In accordance with the present invention, HMT is
produced by reacting para-cymene, a compound of the
formula |

CHj [11]

CH3 CHa

with an olefinic compound selected from the group

consisting of 2,3-dimethyl-1-butene, a compound of the
formula |

CH»

L

- CHj

(111}

CH;3

and neohexene (3,3-dimethyl-1-butene), a compound of
the formula

CHz. .
Cﬂ3l CH;

CHj3

[IV]

or mixtures of the 2,3-dimethyl-1-butene and neohexene
compounds. |

It has been found that when a small and select group
of reagents are employed in the process, such as those
components of the formula

[V]

wherein R1, R2, R3, R4, R5and R independently, are H
or a C;-Cj straight chain, or branched alkyl, provided
that no more than one of Rl, R? and R3 are H, and no
more than one of R4, RJand R%are H, surprisingly high
yields of and selectivity of HMT can be achieved, with

the process proceeding at a relatively high reaction rate.

In a most preferred embodiment, the Formula V com-
pound is 2,4,4-trimethyl-2-pentene (that is, diisobuty-
lene-2, a compound of Formula V wherein Ri, R2, R4,
R5 and R® are methyl and R3 is H). The Formula V
compounds have been found to be surprisingly effective
in promoting the efficiency of the subject process, re-
sulting in higher yields and selectivity than heretofore
expected. |

-
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necessary hydride abstraction function, leaving the
2,3-dimethyl-1-butene and neohexen compounds to
preferentially participate in the cyclialkylation step of
the subject process. Such discriminating activity is
thought to result from the particular steric conforma-
tion and electron releasing properties of the specific
class of Formula V. compounds outlined herein, as com-
pared with the 2,3-dimethyl-1-butene and neohexene -
compounds employed in the subject process as alkylat-
ing agents. The resultant process therefore has a smaller
amount of side reactions occurring, and a higher selec-
tivity to and yield of the desired HMT end product.

It should also be noted that the subject process is
employing in a non-productive reduction (hydride ab-
straction) step a more readily available, less expensive
reagent, in lieu, at least in part, of the less readily avail-
able, more expensive alkyl halide compounds consumed
in accordance with some prior art procedures. As a
result, one is able to avoid excessive formation of hy-
drogen halides and accumulation of such compounds in
the product stream, an undesirable result associated
with some art processes. Moreover, the potential for
corrosion problems within the reaction system concom-
itant with the formation of he hydrogen halides may be
lessened, and the need for complex procedures for the
separation of the desired product from the hydrogen
halide by-products may be minimized. " |

Any aluminum halide is suitable for use in the present
process. Such aluminum halides include alominum chlo-
ride, aluminum bromide, aluminum iodide, mono-
flnorodichloroaluminum, monobromodi-
chloroaluminum, monoiododichloroaluminum, mono-
fluorodibromoaluminum, and the like. Of these alumi-
num halides, aluminum chloride and aluminum bro-
mide, particularly aluminum chloride, are preferred.

As noted above, the process must also be conducted
in the presence of elemental iodine (I3 )

In general, the molar proportions of the reagents
employed in the present process can be varied over a
relatively wide range. By way of guidance, however, it
is preferable to use a mixture of the 2,3-dimethyl-1bu-
tene and/or neohexene olefinic compound, and the
Formula V reagent, wherein these components are
present in a molar range of about 1.0 to about 5.0 moies
of olefin per mole of reagent V. More preferably, the
2,3- dimethyl-1-butene and/or neohexene, and the rea-
gent V, are present in nearly equimolar amounts, that 1s,

~ about 1.0 mole of 2,3-dimethyl-1-butene and/or neohex-
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Although the precise details of the reaction mecha-

nism are unclear, it is believed that the Formula V com-
pounds are capable of preferentially carrying out a

ene per mole of reagent V.

Preferably, the para-cymene is present in a range of
about 0.5 to about 10 moles per mole of 2,3-dimethyl1i-
butene and/or neohexene. More preferably, the paracy-
mene 1s present in a range of about 0.5 to about 3.0 per
mole of 2,3-dimethyl-1-butene and/or neohexene.

The amount of aluminum halide utilized is preferably
in the range of about 2% to about 10% by weight based
on the combined weight of the para-cymene, the 2,3-
dimethyl-1-butene and/or neohexene, and the Formula
V reagent. |

The amount of I; employed is preferably in the range
of about 1% to about 1009 by weight based upon the
weight of the aluminum halide employed. Most prefera-
bly, the I is about 10% to about 50% of the weight of
the aluminum halide employed.

The reaction may be carried out using a soivent,

~ although, if desired, para-cymene, one of the starting

materials, may be employed in large excess in lieu of an
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additional solvent. A number of different solvents may
be utilized in the present invention, including haloge-
nated and unhalogenated aliphatic, alicyclic and aro-
matic hydrocarbon solvents.

Where the process is run using neohexene, in whole
or in part, as the alkylating agent, such halogenated
aliphatic, halogenated alicyclic and halogenated aro-
matic hydrocarbon solvents are preferred, for reasons
of increased yield. Representative of the halogenated
solvents are the aliphatic solvents methylene chloride,
chloroform, carbon tetrachloride, ethylene chloride,
ethylidene chloride, 1,1,1-trichloroethane, 1,1,2-tri-
chloroethane, 1,1,2,2-tetrachloroethane, 1,2-dichloro-
ethylene, trichloroethylene, tetrachloroethylene, 1,2,3-
trichloropropane, amyl chloride, and ethylene bromide,
and the aromatic solvents monochlorobenzene, ortho-
dichlorobenzene, bromobenzene and fluorobenzene.

Where 2,3-dimethyl-1-butene is employed as the al-
kylating agent in the subject process, the unhalogenated
aliphatic, unhalogenated alicyclic and unhalogenated
aromatic hydrocarbon solvents are preferred, for rea-
sons of increased yield and/or safety. Exemplary of the
unhalogenated solvents are the aliphatic solvents n-hex-
ane, n-heptane and n-octane, the alicyclic. solvent cyclo-
hexane, and the aromatic solvents benzene, toluene,
ethylbenzene and xylene. Particularly preferred for
reasons of yield, safety and/or process engineering are
the unhalogenated aliphatic and unhalogenated alicyc-
lic hydrocarbons.

Other suitable halogenated and unhalogenated sol-
vents are described, for example, in U.S. Pat. Nos.

4,284,818, 3,856,875 and 3,379,785, the disclosures of

which are incorporated herein by reference.

‘The cyclialkylation reaction of the invention can be
carried out 1n any suitable vessel which provides effi-
cient contacting between the aluminum halide and the
other reactants. For simplicity, a stirred batch reactor
can be employed. Stirring is recommended to provide
efficient contact between reactants. Moreover, the reac-
tion vessel used should be resistant to the possibly cor-
rosive nature of the aluminum halide. Glass-lined ves-
sels would be suitable for this purpose. Additional ves-
sel materials will be apparent to those skilled in the art.

Ideally, the reaction is carried out at temperatures
ranging from about 20° C. to about 80° C., preferably at
temperatures ranging from about 30° C. to about 65° C.,
and most preferably at a temperature of about 35° C.

The pressure at which the reaction is carried out is
not critical. If the reaction is carried out in a sealed
vessel, autogenous pressure is acceptable, although
higher or lower pressures, if desired, may be employed.
The reaction can also be carried out at atmospheric
pressure in an open reaction vessel, in which case the
vessel 1s preferably equipped with a moisture trap to
prevent significant exposure of the aluminum halide to
moisture. The reaction can take place in an oxygen
atmosphere, or an inert atmosphere as in the presence of
a gas such as nitrogen, argon and the like, such inert
atmospheres being preferred.

Reaction time i1s generally rather short and is often
dictated by the kind of equipment employed. Sufficient
time must be provided, however, for thorough contact-
ing of the para-cymene, the 2,3-dimethyl-1-butene and-
/or neohexene, the aluminum halide and the In Gener-
ally the reaction proceeds to completion in about 1 t
about 7 hours. ‘

Product can be recovered by first quenching the
reaction mixture in cold water or on crushed ice, prefer-

4,877,912
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ably on ice, and then processing the mixture in the usual
manner for Friedel-Crafts reactions to extract the
HMT. Suitable extraction protocol is described, for
example, in Friedel-Crafts Reactions. Typically, follow-
ing quenching and the resultant phase separation, the
organic layer 1s washed an additional time with water to
aid in removal of the Lewis acid. One or more addi-
tional washings can be carried out with dilute alkali
solution to further aid Lewis acid removal. The organic
layer can also be washed, if desired, with dilute sodium
thiosulfate solution to assist in the removal of any resid-
ual I. Pure product can then be recovered by subject-
ing the washed reaction mixture to reduced pressure
fractional distillation.

The HMT prepared in accordance with the processes
of the invention, as hereinbefore indicated, may, for
example, be acylated to obtain acylated HMT, that is,
7-acetyl-1,1,3,4,4,6-hexamethyi-1,2,3,4tetrahydronaph-
thalene, a compound having a very fine, musk-like fra-
grance, a characteristic which renders it highly valuable
for use in the perfumery industry. The acylation process
may be carried out using conventional methods, such as
by reacting the HMT with an acyl halide or acid anhy-
dride in the presence of an acid-acting catalyst. Suitable
acylation methods are well known in the art and are
disclosed, for example, in U.S. Pat. No. 4,284,818.

The present invention is further described in the fol-
lowing Examples. These Examples are not to be con-
strued as limiting the scope of the appended claims.

In each example, the reaction flasks were equipped
with a condenser, mechanical stirrer, addition funnel
and thermocouple/ temperature controller connected
to an automatic laboratory jack. The flasks were
cooled, when necessary, with a dry ice/isopropanol
bath. The flask contents were continuously stirred
throughout the reaction.

Results were analyzed on both polar and non-polar
gas chromatography columns. All gas chromatography
analyses were carried out on capillary columns using a
weight percent internal standard method of analysis.
Structure identifications were assigned based on GCMS
fragmentation patterns compared to standards.

Example 3 is provided for comparative purposes
only, and does not illustrate processes of the present
invention. Example 3 was carried out substantially in
accordance with the procedures set forth in U.S. Pat.
No. 4,551,573. Examples 1 and 2 are examples of pro-
cesses of the present invention.

EXAMPLES
Example 1

A 100 ml, four-necked, round bottom flask was
charged with para-cymene (27.17 g). A mixture of 2,3
dimethyl-1-butene and diisobutylene-2 was charged into
a syringe. To the flask was added anhydrous aluminum
chloride (1.455 g) and iodine (0.426 g), and the flask
mixture was stirred for about 10 minutes. The syringe
mixture was then added to the flask over about a 9
minutes period, with a total of 10.15 g of 2,3-dimethyl1-
butene, and 10.26 g of diisobutylene-2 being delivered
to the flask. During the addition of the syringe mixture,
a temperature increase to about 35° C was observed.
‘The flask mixture was allowed to cool to room tempera-
ture for about 18 minutes. The flask mixture was then
stirred for about 33 minutes and quenched with 15 ml of
deionized water. The organic phase was washed with,
in order, 5% HCI, 10% Nay;COs3, and 50% (half-
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saturated) brine solution. The aqueous layers were indi-
vidually extracted with ethyl ether, and the ether layers
combined with the organic phase. The organics were
then dried over K;CO;, filtered and evaporated to yield
a crude product (34.08 g) containing 41.64 weight %
HMT (55.30 % molar yield of HMT based on the
amount of 2,3-dimethyl-1butene charged).

Example 2

A 100 ml, four-necked, round bottom flask was
charged with para-cymene (27.17 g). To the flask was
~ added anhydrous aluminum chloride (1.454 g) and 10-
dine (0.424 g). A mixture of neohexene (10.15 g) and
diisobutylene-2 (10.26 g) was then added over a period
of about 23 minutes. An increase in temperature to
about 35° C was observed during the addition. The
reaction was stirred for about 38 minutes, then
quenched with 15 ml of delonized water and worked up
as described in Example 1 to yield a crude product
(32.67 g) containing 51.97 weight % HMT (66.16 %
molar yield of HMT based on the amount neohexene
charged).

EXAMPLE 3 (Comparative Example)

A 100 ml, four-necked, round bottom flask was
charged with para-cymene (27.17 g). To the flask was
added anhydrous aluminum chloride (1.455 g) and 10-
dine (0.427 g). A mixture of neohexene (10.14 g) and
- isobutylene (5.1 g), chilled by a dry ice/isopropanocl
bath, was then added over a period of about 17 minutes
while maintaining a flask temperature of about 35° C.

10

15

10
aluminum halide, and I»,
wherein
Rl, R2, R3, R4, R5and RS, mdependenﬂy, are a
a H or C;-Cj3 straight chain, or branched alkyl, pro-
vided that
(i) no more than one of R!, R2, and R3 are H, and
(ii) no more than one of R4, R and R6are H.
2. A process of claim 1 wherein
R}, R?, R4, RS and R are each methyl, and
R3is H.
3. A process of claim 1 wherein said aluminum halide
is selected from the group consisting of aluminum chlo-
ride, aluminum bromide, alummum iodide, mono-
fluorodichloroaluminum, monobromodi-
chloroaluminum, monoiododichloroaluminum and
monofluorodibromoaluminum.
4. A process of claim 3 wherein said aluminum hallde

- 1is selected from the group consisting of aluminum chlo-

20

25

30

The reaction mixture was stirred for about 43 minutes,

quenched with 15 mi of deionized water, and worked
up as in Example 1 to yield a crude product (30.80 g)
containing 22.59 weight % HMT (27.13 % molar yield
of HMT based on the amount neohexene charged).

Various modifications of the invention in addition to
those shown and described herein will be apparent to
those skilled in the art from the foregoing description.
Such modifications are also intended to fall within the
scope of the appended claims.

What is claimed is:

35

1. A process for producing 1,1,3,4,4,6-hexamethyl-

1,2,3,4,-tetrahydronaphhthalene comprising contacting
para-cymene with 2,3-dimethyl-1-butene in the pres-
ence of |

a reagent of the Formula

45

50

53

65

ride and aluminum bromide.

5. A process of claim 4 wherein, said aluminum halide
1s aluminum chloride.

6. A process for producing 1, 1 3,4,4,6- Hexamethyl-
1,2,3,4-Tetrahydronaphthalene comprising contacting
para-cymene with neohexene in the presence of

a reagent of the Formula

aluminum halide, and
I,
wherein |
R1, R? R3, R4, RS and R independently are H or a
C1-Cj straight chain, or branched aikyl, provided
that
(i) no more than one of R!, R2 and R? are H, and

4o (i) no more than one of R% R>and R®are H.

7. A process of claim 6 wherein

R, R?, R4, R5 and R® are each methyl, and

R3is H.

8. A process of claim 6 wherein said alummum halide
is selected from the group consisting of aluminum chlo-
ride, aluminum bromide, aluminum i1odide, mono-
fluorodichloroaluminum and momobromodi-
chloroaluminum, monoiododichloroaluminum and
monofluorodibromoaluminum.

9. A process of claim 8 wherein said aluminum halide

is selected from the group consisting of alummum chlo-

ride and aluminum bromide. )
10. A process of claim 9 wherein said aluminum hal-

ide is aluminum chloride. |
X *x % % &
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